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Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry have been deposited with the IUCr (Reference: 
SKI030). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 
The sandwich-like title complex, hexak.is(dimethylform-
amide)-1K0,2K0,3K0,4K0,5K0,6K0-bis[2,4,6,8,10,12-
hexaphenylsiloxane- 2, 4, 6, 8, 10, 12- hexaolato ( 6-)-
© 1997 International Union of Crystallography 
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1 :2K20 1 ,2:3K20 2,3:4K20 3 ,4:5K2£r ,5:6K20 5, 1 :6K20 6]-
hexacopper (II) tetrakis ( dimethylformamide) solvate, 
[Cu6(C3H7N0)6{ (C6Hs)6012Si6}z].4C3H7NO, is com-
prised of two regular crown-shaped macrocyclic hexa-
dentate organosiloxanolate ligands chelating a fiat Cll6 
hexagon, as in the ethanol-solvated analogue investi-
gated previously. The title complex has a more dis-
torted shape than the trigonal ethanol-solvated analogue, 
being slightly side-oblated, but still contains a large 
empty inner channel accessible by small molecules 
(the diameter of the free cross-section being about 
2.5 A). Each Cu11 ion has a square-pyramidal coordi-
nation comprised of four basal siloxanolate 0 atoms 
and an apical dimethylformamide (DMFA) molecule 
(coordinated through its carbonyl group). The aver-
age bond lengths are Cu-O(Si) 1.964 (11) and Cu-
O(DMFA) 2.215 (10) A. The structure contains four ad-
ditional DMFA molecules per complex unit, linked by 
weak C-H· · ·0 hydrogen bonds. Unexpectedly, the 
C=O bond length is longer [1.248 (10) and 1.255 (9) A] 
in the uncoordinated DMFA molecules than in the 
coordinated molecules [ 1.214-1.227 (7) A]. 
Comment 
Recently, a new class of polynuclear metal complexes 
has been obtained (involving alkaline metals, Mn, Co, 
Ni and other bivalent transition metals, Cu and triva-
lent lanthanides) with polydentate regular macrocyclic 
organosiloxanolate [-RSi(0-)0-]n ligands (n = 6, 8 or 
12), which are known as polymetalloorganosiloxanol-
ates (PMOS) and have been structurally characterized 
by Struchkov & Lindeman (1995). The size and struc-
ture of the organocyclosiloxanolate ligands formed seem 
to be dependent mainly on the coordination characteris-
tics (size, charge and coordination number) of the metal. 
The Cu11 complexes are of special interest since at least 
two quite different structural types have been obtained 
using different reaction conditions, i.e. sandwich-like 
complexes, such as [Cll6{ (C6H5 )6012S~}(EtOH)6] [(1); 
Igonin et al., 1992] or K2[KzCu4{(CzHs)60IzS4;}].4n-
BuOH [(2); Igonin et al., 1993], and globular-like com-
plexes, such as [NatCu4 { (C6Hs)I2024Si12} ].8n-BuOH, 
(3), and ~[Cl4(024Si 12 Vi 12)].6n-BuOH [(4); Igonin et 
al., 1991]. 
Complex ( 1) is rather unique as a result of its large 
empty inner channel and square-pyramidal coordination 
of the Cu atoms (by four siloxanolate groups and an 
axial solvent hydroxy group); other complexes have 
more compact structures and contain square-planar-
coordinated Cu ions without the additional coordination 
by solvent molecules. To obtain additional evidence on 
the stability and reproducibility of such an open struc-
ture [in related PMOS compounds based on bivalent d-
group metals or trivalent lanthanides, the central cavity 
is occupied by an additional small anion (Cl-, oH-
or o2-) (Struchkov & Lindeman, 1995)], a close ana-
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Iogue of ( 1) has been synthesized, where the solvent 
coordinated is dimethylformamide (DMFA) instead of 
ethanol, [Cu6{ (C6Hs)60IzSi6}z(DMFA)6].4DMFA, (5), 





The title complex, (5), has a sandwich-like structure 
(Fig. 1) very similar to that of complex (1). A central 
metal group comprises six Cu2+ ions arranged as a fiat 
(within 0.001 A) hexagon. In contrast to (1), however, 
with its high (trigonal) crystal symmetry, the hexagon 
in complex (5) is slightly distorted; the distances 
between oyposite <;u ions vary between 5.387 (1) and 
5.986 (1) A [5.614 A in complex (1)]. The cation group 
coordinates two macrocyclic [ -PhSi(O- )0-]6 phenyl-
siloxanolate hexa-anionic ligands. The ligands have 
an all-cis configuration with the olate groups directed 
towards the plane of the cations. Each ligand forms 
six six-membered chelate rings (-Cu-0-Si-0-
Si-0-). These rings are not quite planar and have 
an approximate sofa conformation, with the Cu cation 
shifted out of a plane of the siloxane part of the ring. 
The shifts are most pronounced for the Cu 1 and Cu3 
atoms (0.41-0.47 A), whereas the two symmetrically-
independent chelate cycles containing the Cu2 atom 
are more planar (the shifts are 0.29 and 0.31 A). The 
deviations of the Si and 0 atoms from the mean planes 
do not exceed 0.1 A. 
The Cu ions are shifted from the mean planes of 
the basal squares of the surrounding olate 0 atoms 
by 0.29 (for Cu2), 0.34 (Cul) and 0.35 A (Cu3) to-
wards the external axially coordinated DMFA molecules 









Fig. 1. Perspective view of complex (5) with the atomic labelling. The symmetrically-independent part of the complex (including two outer 
DMFA solvate molecules) is drawn with bold lines (covalent bonds; coordination bonds are shown as single lines). The symmetry-related 
part of the complex (via the centre of symmetry) is drawn as open bonds and dotted ellipsoids. Displacement ellipsoids are drawn at the 
50% probability level. 
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These shifts are proportionate to the magnitude of the 
non-planarity of the corresponding chelate cycles and 
the general character of the distortions of the cationic 
hexagon in complex (5), which is flattened in approxi-
mately the Cu2· · ·Cu2' direction. In the close analogue 
(1), the shifts are 0.28-0.29 A and axial ethanol ligands 
are loosely coordinated (Cu· · ·0 distances are 2.343 and 
2.376 A). It is possible that the better coordinating abil-
ity of DMFA compared with ethanol, rather than pack-
ing forces, destabilizes the ideal trigonal symmetry of 
the copper-siloxanolate framework. 
The twelve-membered siloxane macrocycles have a 
slightly elliptical crown conformation, with Si atoms 
located 2.85-3.17 A and 0 atoms 2.34-2.90 A from the 
central axis of the ring. The Si-0-Si sections are 
nearly perpendicular to the mean plane of the Si atoms 
(dihedral angles 71.3-86.6°); the 02 and 05 'flaps' are 
tilted towards the centre of the ring, but the other four 
are tilted outwards and thus the lone electron pairs of 
the 0 atoms do not eclipse the central hole of the macro-
cycle, making it possible for small molecules or ions to 
enter the interior of the complex. The estimated diameter 
of the free channel is 1.7-2.7 A on the level of the 
siloxane 0 atoms, 2.4-3.2 A on the level of the olate 
0 atoms and 2.6-3.2 A on the level of the Cu atoms 
[using Bondi's (1964) van der Waals radii]. The Si-0 
bond lengths [1.624-1.641 (4) A] and Si-0-Si angles 
(133.3-136.3°) have normal values (Dubchak, Shklover 
& Struchkov, 1983 ), the tetrahedral geometry of the Si 
atoms being only slightly distorted (Table 1). 
Every olate group acts symmetrically, bridging two 
adjacent Cu ions. The Cu-0--Cu angles are close to 
90° (Table 1) and the Si-0- bonds are significantly 
shorter than the corresponding Si-O(Si) bonds in the 
hexasiloxane macrocycles (see above). The same differ-
ence between endo- and exocyclic Si-0 bond lengths is 
observed in the unambiguously ionic structure of sodium 
triphenylcyclotrisiloxanolate (Dubchak, Shklover, Levit-
sky, Zhdanov & Struchkov, 1980) and in other PMOS 
(Struckov & Lindeman, 1995). Also, the Cu-0 bond 
lengths [1.947 (4)-1.978 (4) A.; Table 1] are close to the 
sums of the ionic radii of o2- and Cu2+ [1.93 for four-
coordinate copper and 2.01 A for five-coordinate copper 
(Shannon & Prewitt, 1969; Shannon, 1976)]. This indi-
cates that the interaction between the metal and silox-
anolate ligands has mostly ionic character in complex 
(5) as well as in other PMOS. 
The crystal structure of (5) contains four DMFA 
solvate molecules per PMOS unit. Their geometrical 
parameters agree well with those of coordinated DMFA 
molecules with the exception of an elongation of the 
C=O bond lengths in the uncoordinated molecules; 
1.248 (10) and 1.255 (9) A versus 1.214-1.227 (7) A. 
This may be explained in part by these carbonyl groups 
participating in the formation of weak bifurcated C-H 
· · ·0 hydrogen bonds in the crystal [piSS·· ·H5SA-
C5S( -x, 2- y, 1- z) with 0· · ·H 2.57 A and 0· · ·H-C 
146°; 01SS· · ·H8SA-C8S( -x, 2- y, 1- z) with 0· · ·H 
2.58 A and 0· · ·H-C 123°; 02SS· · ·H63A-C63(x+ !, 
-y+ ~' z- !) with 0· · ·H 2.55A and 0· · ·H-C 172°; 
02SS· · ·H5SB-C5S(x-.!. -y+ ~ z- .!.) with 0· · ·H 
0 2' 2' 2 
2.47 A and 0· · ·H-C 173°]. 
Experimental 
A mixture of polyphenylsiloxane (Andrianov & Zhdanov, 
1957) (12.9 g, 0.1 mol) and NaOH (2 g, 0.05 mol) in 
butanol (250 ml) was refluxed with stirring until complete 
dissolution. Then 1.15 g (0.05 mol) of sodium was added 
at 343-353 K. The solution was heated to boiling and a 
solution of CuC}z (6.73 g, 0.05 mol) in butanol (80 ml) was 
introduced dropwise. The mixture was refluxed for 1-2 min, 
then NaCl was filtered off and blue crystals (3.4 g, yield 20%) 
were obtained on cooling to room temperature. Analyses: 
found for [Cu6{(C6HsSi02)6}2(C4H90H)3(H20)3] C 43.32, 
H 4.75, Si 14.63, Cu 15.78%; calculated for C84H96CU603oSi12 
C 43.78, H 4.20, Si 14.63, Cu 16.55%. Recrystallization from 
hot dimethylformamide gave crystals of (5) suitable for X-ray 
structure analysis [although very unstable in air (desolvating 




Mr = 2758.48 
Monoclinic 
P21/n 
a= 17.750 (8) A 
b = 18.382 oo> A 
c = 20.129 oo> A 
f3 = 109.31° 
v = 6198 (5) A3 
Z=2 
Dx = 1.478 Mg m-3 
Dm not measured 
Data collection 
Siemens P31 PC diffractom-
eter 
w/20 scans 
Absorption correction: none 
10 103 measured reflections 
9775 independent reflections 
5450 reflections with 
I> 2a(l) 
Refinement 
Refinement on F2 
R(F) = 0.0545 
wR(F2) = 0.1195 
s = 1.042 
9763 reflections 
749 parameters 
H atoms refined as riding 
w = ll[a2(FJ) + (0.05Pi 
+ 1.9P] 
where P = (FJ + 2F/")13 
Mo Ka radiation 
..\ = 0.71073 A 
Cell parameters from 24 
reflections 
() = 8.1-9.5° 
JL = 1.205 mm- 1 
T= 153 (2) K 
Prism 
0.8 X 0.4 X 0.3 mm 
Blue 
Rint = 0.0689 
Omax = 24.05° 
h = -20 --t 19 
k = 0 --t 21 
l = -15 --t 23 
2 standard reflections 
every 98 reflections 
intensity decay: 3.6% 
(.t1./a)max = -0.406 
0 -3 
.t1.pmax = 0.548 e A 
0 -3 
.t1.pmin = -0.473 e A 
Extinction correction: none 
Scattering factors from 
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05M;-Cul-01S 




















































































































































































































































































0 I M-Si I---06-Si6 
01-Si 1-06-Si6 
06--Si 1--0 I M-Cu3' 
0 l-Si 1---0 I M-Cu I 
02M-Cu 1---0IM-Si I 
04M'-Cui-OIM-Cu3' 


















































































Refinement was on F2 for all reflections except for 10 flagged 
by us for potential systematic errors. 
Program(s) used to solve structure: SHELXS86 (Sheldrick, 
1990). Program(s) used to refine structure: SHELXL93 
(Sheldrick, 1993 ). 
Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry have been deposited with the IUCr (Reference: 
AB 1396). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CHI 
2HU, England. 
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